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影响。研究结果表明: 当前水力条件下,尾矿坝稳定性良好; 尾矿坝主要受水平渗透力作用, 初期坝坝顶、坝脚以及
坝底等处应力集中;尾矿坝的渗流-应力作用不容忽视, 不同的耦合关系对于 x 方向位移、渗透力的预测影响巨大;
考虑渗流-应力耦合关系得到的主应力、剪应力以及竖向位移,比不考虑耦合效应时大。
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成了研究的热点问题。例如,李筱艳 [ 2]、纪佑军等[ 3]
采用渗流-应力耦合分析,求解基坑的渗流场以及位
移场; 谢兼量 [ 4]进行渗流应力耦合条件下的海堤边
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透系数 k 是关于应力的函数 k( ij )。
关于应力场作用下渗透系数与初始系数的关
系,学者们采用了不同的关系式来表达(文献 [ 8-
11] )。柳厚祥等(文献[ 10] )通过对大量国内外尾矿
坝勘察试验资料的归纳统计, 得到的尾矿渗透系数
与应力场的关系为:
n = 0. 38d
- 0. 095exp( - 0. 00468 ′)
50 ( 1)









k = k0exp[ - ( - p ) ] ( 3)
式中　 为尾矿的应力;
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( 5)






















Fx = - wJ x e
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库, 采用上游法尾矿堆坝, 最终尾矿堆积标高512. 5
m, 总坝高42 m。
该尾矿坝曾在1985年8月25日因一日降雨量




留尾 矿作 加固处 理后 作为地 基, 坝底 标高
475. 80 m, 坝顶标高492 m ,坝高16. 20 m, 上游边坡
为1∶1. 75, 下游边坡为 1∶2, 坝上游坡设反滤层。
上、下游边坡采用干砌石护坡。后期仍采用上游法尾
矿堆坝, 设计平均堆积坡度 1∶3, 最终堆积标高



































元网格如图2所示, 其中共含有 8490个单元, 8714
个节点。
在渗流场的计算过程中,采用了Plane55单元,
假设模型右方边界的头面离地表高度为5 m , 右边





移,对底部的边界固定x 和 y 方向的位移,其他做自
表1　野鸡尾尾矿坝物理力学参数
Table 1　Physical and mechanical parameters of Yej iwei Tailings Dam
尾矿介质
自然密度















尾粉土 2100 2177 11. 5 0. 2 32 27. 0 1. 16×10- 6 0. 43
尾粉质粘土 2090 2122 8. 7 0. 2 54. 8 24. 3 6. 92×10- 7 0. 45
粉质粘土 1890 1966 6. 8 0. 2 41. 4 21. 5 2. 07×10- 7 0. 46
初期坝介质 2500 2652 30 0. 2 200 30 3×10- 7 0. 33
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图2　野鸡尾尾矿坝有限元模型













F ig . 3 　 T ota l wa ter head of seepage-st ress coupling
analysis
图4　渗流-应力耦合分析压力水头









F ig . 5　Seepage velocity vecto r
图 6　渗流水头梯度矢量图











达到了0. 127 M Pa。
图7　渗流-应力耦合分析应力场
F ig . 7　Stress field o f seepage-str ess coupling analysis










耦合关系时为7. 84E -7 m2 / s ,耦合关系1和耦合关系







Fig. 8　Position o f inter esting nodes for displacements













Fig. 9　The influence o f different coupling models on displacement field
6. 3　对等效渗透集中力的影响
为了考察不同耦合关系对等效渗透集中力以及












Fig. 10　Position o f inter esting nodes fo r seepage fo rces
and str ess field obser vat ion in different coupling
models
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图11　不同耦合模型对等效渗透集中力的影响
F ig . 11　T he influence of different coupling models on
equiva lent concentrat ed fo rces of seepage
系得到的第1主应力,基本上都比未考虑渗流-应力
耦合分析得到的结果大,第 1主应力最多可以增加
15% ;在所有的耦合结果中,耦合关系 3最大, 耦合
关系2最小。
在图12( b, c, e)中, 考虑渗流-应力耦合作用得
到的第3主应力、x 方向应力以及 y 方向应力,基本
上比未考虑耦合作用得到的结果大,其中第 3主应
力最多可以增大 12. 4%, 而 x 方向应力最多比未考
虑耦合作用的结果增大 44. 9%, y 方向应力最多可
以增加3. 2%; 同第 1主应力的规律一致,在所有的
耦合结果中, 基本上耦合关系3得到的第3主应力、


















影响较大。坝体主要受x 方向的渗透力, y 方向的渗
透力相对较小。
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Stability Study for Yejiwei Tailings Dam Based on
Coupling Analysis of Seepage-stress
ZH OU Shu-w ei
1
, L I Shu-lin
1




( 1. Schoo l o f A rchitectur e and Civ il Eng ineer ing, Xiam en Univer sity , Xiamen 361005, China ;
2. Hunan Shizhuyuan Nonfer rous M etals Co . , L td, Chenzhou 423037, China)
Abstract: Based on the coupling mechanism of seepage f ield and st ress field, the stability study o f Yejiw ei
Tailings Dam in Shizhuyuan is carried out . First ly, the coupling ef fect of the seepage and str ess is studied.
Then the calculat ion schem es about the analysis on the coupling of seepage and st ress as w ell as the body
fo rces o f seepage ar e proposed sequent ially . A tw o-dim ensional calculat ion model fo r seepage-st ress
coupling analy sis is established. The seepage field, displacement field, st ress f ield and yield zone are
analy zed using the proposed model ; the influence o f various coupling relat ionships on the seepage and
displacem ent f ield, equivalent concentrated forces o f seepage and ver tical displacem ent is studied
ultim ately . The results show that the tailings dam is stable under the curr ent hydr aulic condit ions; the
vert ical displacement is the dominat ing component , and the observed dam suffers mostly f rom the
horizontal seepage forces; st ress concentration occur s at the top, the bot tom and the foo t of the dam; the
coupling ef fect of seepage-str ess can’t be igno red because the predicted seepage for ces and horizontal
displacem ent changes greatly in differ ent coupling m odels and the principle st resses, shear st resses and
vert ical displacement are larger than those obtained in the uncoupled calculat ion model.
Key words : tailing s dam; seepage-stress coupl ing analy sis; FEM
(上接第493页)
Experimental Study on Long-time Deformation of Rockfill





( 1. Jiangsu Prov ince Water Conserv ation Survey Design and Resear ch Institute Co. L td Yangzhou 225009, China;
2. Geo technical Resear ch Inst itute of Hohai Univ ersit y, Nanjing 210098, China )
Abstract: Creep deform ation of rockfill has r elat ions w ith no t only load but also w et ting-drying cycle,
w hich is caused by solar izat ion and rainfall. Test was taken to simulate the wet t ing-drying cycle effect
caused by solarizat ion and r ainfall in labo rato ry, w hich is done to study the influence of w et ting-drying
cycle on ro ckfill lo ng tim e deform at ion. T est r esult shows that deformat ion caused by load function tends to
be stable quickly and occupies only a sm all par t in total creep defo rmat ion, w hile the creep deform ation
caused by w et ting-drying cycle is huge and long-t ime developing w ith cycles. It takes about 50%～70% in
total creep deformat ion, and has relations with st ress. So it has major impact on dam′s stability and
safety . According to the analysis of wet t ing-drying cycle creep principle, numerical model is put fo rw ar d to
calculate the deformat ion by w et t ing-dry ing cycles, and it can be applied in f inite elem ent analysis.
Key words : ro ckfill mater ial ; long-t ime defo rmat ion; earth-ro ck f ill dam; w et t ing-dry ing cycle
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